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DEVELOPMENT O F  SPACE-STABLE 
THERMAL-CONTROL COATINGS 

I. INTRODUCTION 

The gene ra l  requirement under t h i s  c o n t r a c t  is  f o r  
the development of thermal-control  s u r f a c e  c o a t i n g s  which 

possess very  low but  s t a b l e  r a t i o s  of s o l a r  absorp tance  (a,)  
t o  i n f r a r e d  'emittance (Eh), The program has  been d iv ided  
h i s t o r i c a l l y  i n t o  three major phases ;  (1) inorganic  t ech -  
nology, ( 2 )  s i l i c o n e  p h o t o l y s i s  and s i l i c o n e  paint. i n v e s t i -  
g a t i o n s ,  and ( 3 )  gene ra l  c o a t i n g s  i n v e s t i g a t i o n s ,  

The r e l a t i v e  emphasis p l aced  upon each of t h e s e  three 
major t a s k s  h a s  v a r i e d  dur ing  the course  of t h e  program i n  
accordance w i t h  the urgency of the v a r i o u s  problems e l u c i d a t e d  
by our i n v e s t i g a t i o n s ,  a s  w e l l  a s  the a v a i l a b i l i t y  of both  
funds and personnel, ,  For example, t h e  n e c e s s i t y  f o r  perform- 
i n g  i n  s i t u  r e f l e c t a n c e  measurements was emphasized by t h e  
r e s u l t s  of bo th  f l i g h t  ( r e f .  1,2)  and l a b o r a t o r y  ( r e f ,  3,341 
exper iments  

The des ign  of an i n  s i t u  f a c i l i t y  was t h e r e f o r e  i n i t i a t e d  
on t h i s  p r o j e c t  e a r l y  i n  1966, T h e  f a c i l i t y  i s  described i n  
d e t a i l  i n  the l a s t  Tr iannual  Report (IITRI-U6002-47) and i n  
a paper ( r e f .  5 )  scheduled f o r  p r e s e n t a t i o n  a t  t.he f o r t h -  
coming AI- Thermophysics S p e c i a l i s t s  Conference i n  New 

Or l eans  ( A p r i l  17-19, 19671, 

The work performed dur ing  t h i s  r e p o r t  pe r iod  and 
d i s c u s s e d  he re in  c o n s i s t s  almost e x c l u s i v e l y  of f i n a l  c a l i -  
b r a t i o n  and design-modif icat ion s t u d i e s  on t h e  i n  s i t u  
f a c i l i t y  desc r ibed  above, t h e  I R I F  ( I n  S i t u  Ref1ectomet.er 
I r r a d i a t i o n  F a c i l i t y )  Four s u c c e s s f u l  space sin~ulat:ion t es t s  
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have been completed t o  d a t e  and a r e  summarized w i t h  d a t a  
i n  t h e  fo l lowing  paragraphs,  

THE 1 , R I F  -- 11. 

A, D e a n  - Modif icat ions --. 
1, General 

A cons iderably  more s t a b l e  o p t i c a l  i n t e rchange  
was constructed. ,  Th i s  involved t h e  removal of t h e  cover and 
t h e  s t anda rd  i n t e g r a t i n g  sphere from the D K - 2 A ' s  r e f  l e c t o -  

meter at tachment .  The cover was r e p l a c e d  w i t h  a s i m i l a r  p l a t e  
from which two f r o n t  s u r f a c e  m i r r o r s  were r i g i d l y  suspended -.- 
one f o r  the specimen beam and t h e  o t h e r  f o r  the r e f e r e n c e  
beam, The beams a r e  directed upwards i n t o  the i n t e g r a t i n g  
sphere  through t h e  vacuum manifold; the m i r r o r s  a r e  l o c a t e d  
i n  t h e  space p r e v i o u s l y  occupied by t h e  DK-2A sphere ,  T h e  

c o n s t r u c t i o n  of the stronger in te rchange  have insured  e a s i e r  
mating of t h e  DK-2A and the I R I F  and have t h u s  f a r  always 
provided p o s i t i v e  o p t i c a l  alignment,  

The two manipulator arms ( A  and B,  F igure  27 ,  

Report  IITRI-U6002-47) were r e f a b r i c a t e d  from l a r g e r  s t o c k  
andweremore s e c u r e l y  a t t a c h e d  t o  the atmosphere-side of 
t h e  bel lows,  The manipulator arms t h a t  a r e  a t t a c h e d  t o  the 

vacuum s i d e  of t h e s e  same bellows w e r e  spo t  welded, 

The twelve hold-down p i n s  t h a t  r a d i a t e  from t h e  
spr ing-loaded s h a f t  and hold the samples (see F igures  24 and 25, 
R e p o r t  IITRI-U6002-47) were more s h a r p l y  beveled i n  o rde r  t o  
f a c i l i t a t e  the e a s y  attachment and removal of the s u b s t r a t e s ,  
The p i n  t h a t  i s  l o c a t e d  i n  t h e  c e n t e r  of the sample boat  
assembly was beveled f o r  t h e  same reason ,  

2 ,  De tec to r  I-- Switch-Construction 
The DK-2A r e f l e c t a n c e  attachment is provided 

w i t h  two in t e rchangeab le  d e t e c t o r  heads -- an 1P-28 photo- 
m u l t i p l i e r  detector and a 10nm x 20mm l e a d  s u l f i d e  c e l l .  

IIT R E S E A R C H  I N S T I T U T E  

2 



Each d e t e c t o r  assembly possessed a mul t ip le -p in  male 
connector.  

The m u l t i p l e  p o s i t i o n  swi tch  on t h e  photomul- 
t i p l i e r  was redes igned  a s  shown i n  F igure  1. The swi tch  was 
a d j u s t e d  t o  fou r  p o s i t i o n s ;  O F F ,  I R ,  UV-lX and UV-2OX. The 

new s w i t c h  assembly no t  only saves  t i m e  i n  performing t h e  
measurements b u t ,  more important ,  saves  wear on t h e  mul t ip l e -  

p i n  connector assembly. 

B. Funct iona l  Problems 
1. Sphere-Detector Geometry 

The r e f l e c t a n c e  of a p o l i s h e d  aluminum sample 

s u b s t r a t e  ( b l a n k )  i s  shown i n  F igure  2 ,  The d iscrepancy  
between t h e  p h o t o m u l t i p l i e r  t ube  and l e a d  s u l f i d e  ce l l  opera- 
t i o n  i n d i c a t e s  a s t r o n g  s e n s i t i v i t y  t o  the s p e c u l a r i t y  of 
samples, T h i s  s e n s i t i v i t y  is a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  
a c t i v e  s u r f a c e  i n  the pho tomul t ip l i e r  t u b e  is  mounted behind 
a g l a s s  envelope and t h u s  i s  n o t  hemisphe r i ca l ly  i r r a d i a t e d .  

Every a t tempt  was made t o  mount t h e  g l a s s  envelope s u f f i c i e n t l y  
i n t o  the sphere t o  ensure  t h a t  the a c t i v e  s u r f a c e  of t h e  tube  
was p o s i t i o n e d  i n  a p l ane  tangent  t o  'the sphere. Obviously 
t h e  i n t e r n a l l y  mounted l e a d  s u l f i d e  ce l l  is hemisphe r i ca l ly  
i l l u m i n a t e d ,  Techniques such a s  l i g h t l y  e t c h i n g  the g l a s s  
envelope w i l l  be i n v e s t i g a t e d  t o  decrease  t h e  d i r e c t i o n a l i t y  
of i l l u m i n a t i o n  r e c e i v e d  by the p h o t o m u l t i p l i e r  tube ,  

The d i s p a r i t y  recorded  i n  F igure  2 h a s  only  

been observed w i t h  s p e c u l a r ,  m e t a l l i c  samples, 
a t  0 .7  JL d i f f e r e d  a t  most by 1% between t h e  pho tomul t ip l i e r -  

and l e a d  s u l f  ide-detector modes f o r  a l l  o t h e r  specimens - 
The r e f l e c t a n c e  

The loss i n  u l t r a v i o l e t  r e f l e c t a n c e  of t h e  
aluminum w i t h  i r r a d i a t i o n  i s  a t t r i b u t e d  t o  o rgan ic  contamina- 

t i o n ,  T h i s  specimen was i n  the f i r s t  t es t ;  w e  l a t e r  observed 
t h a t  some o rgan ic  photolyzed on t h e  window, The system was 
subsequen t ly  c leaned ,  evacuated and a "blank" u l t r a v i o l e t  

I l T  R E S E A R C H  I N S T I T U T E  
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test on aluminum performed, N o  o rganic  d e p o s i t s  were there- 

a f t e r  noted ., 

2 e ’Lead S u l r i d e - C e ~ l ~ _ ~ ~ q r a d a t  i on  
A major concern d u r i n g  the des ign  of the 

IRIF was the possibility that l e a d  s u l f i d e  d e t e c t o r s  would 

q u i c k l y  and s e v e r e l y  degrade i n  vacuum, 
examined only one d e t e c t o r  assenbly  t o  d a t e ,  a s l o w  i n c r e a s e  
i n  the no i se  l e v e l  and a decrease  i n  the long  wavelength 
s l i t  c o n t r o l  w i t h  i nc reas ing  t i m e  i n  vacuum were observed, 
Because of the r a t i o  r eco rd ing  ope ra t ion  of the Beckman, 
vacuum f a t i g u e  of the l e a d  s u l f i d e  detectars is not  expected 
t o  dec rease  the accuracy  of the measurements, a l though ex- 

c e s s i v e  n o i s e  m i g h t ,  Any c e l l  degrada t lon  could s e r i o u s l y  

a f fec t  the wavelength l i m i t s  of t h e  measurement, however, 

Although w e  have 

The slit openings a t  lO5--? 2-0- and 2-4-p 
wavelengths a r e  recorded a s  a f u n c t i o n  of t i m e  i n  vacuum i n  

F igure  3 ,  

wavelength was mani fes ted  by a decrease  from 2,65 and 2,5p i n  

the long wavelength l i m i t s  of the measurement. 
r e q u i r e d  600 hr of accumulated rea l - t ime evacuat ion ,  

n o i s e  l e v e l  d i d  not  exceed the maximum permissible ampli tude 
i n  t h i s  l e n g t h  of t i m e ,  
3500 e q u i v a l e n t  sun-hours, If the i r r a d i a t i o n  i n t e n s i t y  

The i n c r e a s e  i n  s l i t s  f r o m  0,78 t o  0-98 mm a t  2,4-p 

T h i s  change 
The 

0 

Note t h a t  600 real-time hr represents 

averages  about 6X, 

Since  the 10- x 10-mm l e a d  s u l f i d e  ce l l s  a r e  

inexpens ive  and r e q u i r e  about an hour t o  r e p l a c e ,  it was de- 

c i d e d  t.o leave  t h e  l e a d  s u l f i d e  detectors  on the i n s i d e  of the 

i n t e g r a t i n g  sphere -- a t  l e a s t  u n t i l  more d a t a  a r e  c o l l e c t e d ,  

c., __.-__ IRIF Data 
Pour space s imula t ion  tests have been  performed t o  

da te ,  The first t w o  involved spec imens  prepared  on bo th  
t h i s  program and the J P L  program (Cont rac t  951737, Project 

U6053)  e 
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The  t h i r d  test was abor t ed  due t o  f a i l u r e  of t h e  
AH-6 lamp assembly which r e s u l t e d  i n  t h e  b u r n e r  r e s t i n g  on 
the S u p r a s i l  window, The proximi ty  of t h e  burner t o  t h e  
window allowed u l t r a v i o l e t  t o  a t t a c k  t h e  Viton O-ring used 
t o  s e a l  t h e  window. T h i s  i s  the on ly  non-metal s e a l  used 
on the IRIF and i s  normally s h i e l d e d  from u l t r a v i o l e t  
r a d i a t i o n ,  The chamber became contaminated d u r i n g  t h i s  test 
and had t o  be cleaned w i t h  a 5% s o l u t i o n  of NaOH fol lowed by 
e t h y l  a l c o h o l ,  The f a c i l i t y  was subsequent ly  evacuated 
( T e s t  4) w i t h  aluminum blanks ( a s  samples) and i r r a d i a t e d  
f o r  24 hour s ,  N o  o rganic  depDsi ts  were observed, 

The  f irst  two tes t s  w e r e  each f o r  200 ESH of u l -  
t r a v i o l e t  i r r a d i a t i o n ;  t h e  i r r a d i a t i o n  p r e s s u r e  i n  each c a s e  
was approximately 1 X loo7 Torr ,  The only d i f f e r e n c e  between 
the two tests was t h e  a i r  t h a t  was admi t ted  a t  the completion 
of t h e  t es t ,  Moist ,  ambient room a i r  was admit ted a t  the 

completion of T e s t  1 whereon compressed p r e p u r i f i e d  a i r  was 
admi t ted  a t  t h e  completion of t he  second t,est, Re f l ec t ance  
v a l u e s  w e r e  t aken  a f t e r  100 ESH of i r r a d i a t i o n  i n  T e s t  1 but  
on ly  a t  t h e  completion of i r r a d i a t i o n  i n  T e s t  2 ,  

The r e s u l t s  of t h e s e  two I R I F  space-s imulat ion 
tests a r e  summarized by the d a t a  presented i n  F igu res  4 
through 10, Some gene ra l  obse rva t ions  of t h e s e  tests a r e :  

(1) The r e f l e c t a n c e  of z i n c  oxide powders and 
z i n c  oxide p a i n t s  increased  a f t e r  i r r a d i a t i o n  i n  t h e  
u l t r a v i o l e t  r e g i o n  below z i n c  oxide s abso rp t ion  edge, 

( 2 )  Admission of a i r  t o  the f a c i l i t y  i nc reased  
t h e  r e f l e c t a n c e  i n  the  v i s i b l e  r eg ion  f o r  most 

spec imens ,  w h e r e a s ,  f o r  specimens not  e x h i b i t i n g  
b l eachab le  i n f r a r e d  degrada t ion ,  the r e f l e c t a n c e  
decreased  a t  wavelengths beyond 0 , 8  t o  0,9 microns.  

( 3 )  Admission of a i r  a l s o  causes  t h e  r e f l e c t a n c e  Of 

I I T  R E S E A R C H  I N S T I T U T E  
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z i n c  oxide specimens t o  decrease  i n  the u l t r a v i o l e t  
r e g i o n  below i ts  abso rp t ion  edge. 

( 4 )  I r r a d i a t i o n  caused a l o s s  of f i n e  s t r u c t u r e  
t o  specimens e x h i b i t i n g  s t r u c t u r e  i n  the i n f r a r e d .  
Admission of a i r ,  however, increased  the f i n e  
s t r u c t u r e  t o  a degree w h i c h  u s u a l l y  surpassed  t h a t  
of the u n i r r a d i a t e d  specimen, See F igures  4, 6 and 7. 

( 5 )  A d m i s s i o n  of m o i s t  a i r  a l s o  r e s u l t e d  i n  t h e  
c r e a t i o n  of a water  band a t  approximately 1,95 microns 
fo r  s i l i c a t e - c o n t a i n i n g  specimens, See Figure  7 ,  

The s p e c t r a  obta ined  f o r  S-13 (F igu re  41, SP500 
z i n c  oxide powder (F igure  5 )  and S-13G (F igu re  6 )  w e r e  
e s s e n t i a l l y  i d e n t i c a l  t o  those obtained i n  the i n  s i t u  f a c i l i t y  
employed e a r l i e r  ( i n  w h i c h  the r e f l e c t a n c e  of spec imens  
was measured through a window) 

The specimen of S-13G over S-13 e x h i b i t e d  an 
i n c r e a s e  i n  r e f l e c t a n c e  i n  the v i s i b l e  i n  the f i r s t  100 ESH 

of i r r a d i a t i o n ,  T h i s  specimen was p repa red  on another  
c o n t r a c t  and is  inc luded  here f o r  purposes  of i l l u s t r a t i o n .  
The b leachable  damage i n  t h e  i n f r a r e d  was p a r t i a l l y  masked 
by the  formation of the abso rp t ion  band a t  about 1.95 

microns on admission of moist a i r ,  

e 

The z i r c o n i a  powder (F igure  8 )  and the z i n c  
t i t a n a t e  powder (F igu res  9 and 1 0 )  specimens d id  not  exhibit 

b l eachab le  i n f r a r e d  degrada t ion  i n  the i n f r a r e d ,  The  damage 
exhibited by the z i r c o n i a  was somewhat g r e a t e r  t han  is  
u s u a l l y  observed a f t e r  200 ESH when the postexposure measure- 
ments a r e  performed i n  a i r ,  T h i s  is evidenced by the be- 

havior of the  specimen on admission of a i r ;  a 9% i n c r e a s e  i n  
r e f l e c t a n c e  was observed a t  4000-A wavelength. 

The most encouraging r e s u l t s  of the second IRIF 
t e s t  was the s t a b i l i t y  exh ib i t ed  by the  t w o  specimens of 

I I T  R E S E A R C H  I N S T I T U T E  

9 

I I T R I  -U60 0 2- 5 1 



c 

c 

i% w 
0 
0 

I 
I 
b 

c 
?i 
r( 
c 
0 
E 
7 
5 u 

k 
*ri 
4 
k 
0 
c, w 
4 

I 
I 
I 
I 
I 
I 
I 

I 

i2 
cil 
0 
0 
I+ 

I 
i 

-_ 
0 
co 

10 IITRI-U6002-51 



” &  

4 
& 
Q) ’u 

-4 

2 
I 
J 
1 
I 
I 
I 

% w 
0 
0 

c w  

I 
I. 
I 

3r 
d 
C 
0 

E 
=I 

7u 
9 

0 
cg 

IITRI-U6002-51 

0 

pn 

a3 

nl 
. 

Q 

N 
. 

v 
nl 

nl 

N 
. 
0 

c\l 

00 . 
-4 

9 
a 

--I 

v . 
4 

N 

1 
. 
0 

.-.1 

co 

9 

0 
r - l  

0 
r\l 



k 
-ri 
4 
k 
a, 

5 
I 
I 
I 
I 
I 

I 

8 
El 
0 
0 
N 

I 
I 
I 
h 
c 
0 

rl 

5 
2 
? 
U 

0 
cr? 

0 
N 

0 
r.4 

IITRI-U6002-51 



t 

0 
N 

k 
%-I 
4 
k 
a, 
v w 
4 

I 
I 
I 
I 
I 
I 

I 

i3 w 
0 
0 
I 4  

I 
i 

13 IITRI-UGOO2-51 



k 
-4 
4 
k 
Q) 
LI 
w 
4 

I 
I 
i 
I 
I 
I 

8 w 
0 
0 
N 

I 
I 
1 

h 
I 4  

C 
0 

E 
3 
3 u 
2 

14 

N 
0 0 
N A 

I I T R  I-U 600 2- 5 1 

0 
0 
l-4 

0 



0 
cii 

15 
6 



(r 

k 
-ri 

a 
4 
k 
a, 
4J 
w 
4 

I 
I 
I 
I 
I 
t 

8 *w 
0 
0 
N 

‘ I  
I 
I 

?l 
rl 
C 
0 

5 
? 
5 
U 

I I T R  I-U60O 2- 5 1 



z i n c  o r t h o t i t a n a t e ,  B o t h  specimens e x h i b i t e d  an i n c r e a s e  
i n  r e f l e c t a n c e  on i r r a d i a t i o n  i n  the 3750-A reg ion:  the 

i n c r e a s e  amounted t o  n e a r l y  4% i n  sample B. Although t h i s  

test was for only  200 ESH of u l t r a v i o l e t  i r r a d i a t i o n ,  these 

r e s u l t s  o f f e r  an e x c e l l e n t  prognos is  f o r  cont inued r e s e a r c h  
w i t h  the z i n c  t i t a n a t e s .  

ti  
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